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1.0 Introduction 
As architectural engineering students, we were first introduced to Journeyman International 
(J.I.) as freshmen and have been eager to be a part of J.I. since then. Journeyman 
International is a humanitarian non-profit organization in San Luis Obispo, California.  J.I. 
gives students the opportunity to build a project start to finish with an interdisciplinary team of 
students for their senior thesis project. These projects range from orphanages to hospitals 
and are built all over the world for those in need. Each project includes at least one 
architecture student, construction management student and an architectural engineering 
student. Each team of students is paired with a client who is funding a project and expects a 
specific outcome.  
Every year, J.I. takes applications from students to be a part of a team. After hearing about 
the successes of Journeyman International projects for the last three years, we were very 
motivated to complete a J.I. project for our senior project. Not only are J.I. projects great 
learning experiences and good design practice, they also help those in need. As architectural 
engineering students at California Polytechnic State University, San Luis Obispo we have 
gained a skillset that engineers in other countries are not fortunate enough to have and we 
both believe that this knowledge should be used for the benefit of those in need. Therefore, 
one of our goals for our senior project was to use that knowledge to benefit those who are not 
fortunate to have it. After applying this fall and explaining our motives to J.I., we were 
accepted and put on a project immediately. We were put on a team with Shea Menzel, a 5th 
year architecture student and Nick Somera, a 4th year construction management student. We 
were then assigned to a client, Empowering Villages, who is funding the development of the 
Karambo Micro-Industrial Complex. 
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2.0 Project Description
The Karambo Micro-Industrial Complex will be placed along the Karambo River in the 
Rubavu District of Western Rwanda which is 86.7 km from the capital, Kigali. The Karambo 
Micro-Industrial Complex consists of 3 one-story buildings which are all at different elevations 
and are located in a rural area along the Karambo River. For the sake of organization we 
have named each of these buildings “Building A” “Building B”, and “Building C” throughout the 
project.  
 Enclosed Space 
 Covered Space 
2.1 Architectural Design 
For the design of this project the architect considered some of the demographics in Rwanda. 
First that 42% of the people in Rwanda are below the age of 15, therefore their population 
consists of a lot of young children. Second, that 41% of the people in our projects area are 
illiterate. And third, that 62% of the population live below the poverty line and 37% of the 
population lives in extreme poverty. Based on these demographics, Journeyman 
International’s mission, and the site location, the goal was to gather the community around its 
industries. In doing so the architect wanted to help develop and build this area as well as 
empower the citizens who live there. Therefore the architect developed a design that would 
be dedicated towards their industries and another towards learning. 
4
Karambo Micro-Industrial Complex  Page:_____ 
Journeyman International  Abshire/Bates 
Senior Project Report     June 2018
Building A will be used as an industrial work space for the adults of this village. It will consist 
of an open area covered by steel decking in addition to an indoor work area. Buildings B and 
C are mainly for the young children of this village to learn. Building B will be used as a library 
and will have covered outdoor stairs to the right of it to be used as a shaded outdoor sitting 
area and as access to Building C, which will be used as a classroom.  
The architect also took into consideration that the weather in this area is typically very hot 
and therefore lifted the trusses above the walls allow for airflow as seen below. 
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2.1 Gravity System 
Steel decking acts as the roof that connects a system of steel trusses together. The truss are 
supported by steel columns. For the outdoor open areas the columns are wide flanges and 
are extended down to a reinforced concrete retaining wall or to the foundation. For the steel 
trusses above the confined masonry walls, the trusses are supported by square HSS 
columns. The HSS columns are supported by the concrete tie-columns which transfer the 
load into the load-bearing masonry walls through a “toothing” connection. The reasoning 
behind the selection of column sections in each location was due to the architect’s preference 
and because both HSS and Wide Flange sections can easily connect to.  
2.2 Lateral System 
The steel decking acts as a flexible diaphragm. The loads from the diaphragm are transferred 
through braces to the foundation or to the confined masonry walls which is supported by a 
continuous strip footing. Due to the flexible diaphragm, concrete bond beams are designed in 
each direction to resist out of plane loads. 
2.3 Foundation System 
For the foundation below the confined masonry walls a continuous footing is used to take 
both the gravity and lateral loads. For the design of the footing below the walls, a plinth band 
is needed to confine the bottom of the confined masonry wall and connect it seamlessly to 
the footing. For the foundation below the steel columns, a reinforced concrete pad footing is 
used to take both the lateral and gravity loads.    
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3.0 Design Criteria 
3.1 Codes 
For the majority of this project we decided to follow 2015 IBC as well as ASCE 7-10, ACI 
318-14, AISC 370-10 and TMS 402-13 & TMS 602-13. However, for the design of the 
confined masonry walls, the Seismic Design Guide for Low-Rise Confined Masonry Buildings 
which was developed by A Project of the World Housing Encyclopedia, EERI, & IAEE was used. 
3.2 Material Properties 
For this project we used a variety of materials; steel, concrete, and masonry. The table below 
demonstrated the design properties we used and where we got these values from. We also 
made sure that materials with these properties are available in Rwanda.  
Material/Shape Design 
Property 
Source 
Concrete f’c = 3 ksi Seismic Design Guide for Low-Rise Confined Masonry Buildings 
Reinforcement fy = 60 ksi AISC 370-10 
Masonry f’c = 0.58 ksi Seismic Design Guide for Low-Rise Confined Masonry Buildings 
Steel Square HSS fy= 46 ksi AISC 370-10 
Steel Round HSS fy= 42 ksi AISC 370-10 
Steel Wide Flange fy= 50 ksi AISC 370-10 
Steel Angle/Double Angle fy= 36 ksi AISC 370-10 
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3.3 Soil Information 
A soils report was produced from Empowering Villages for a nearby project and it was 
recommended for us to use the same soil samples for design (see Appendix A.3). From that 
report the following information was found:   
0.0-0.2m : Loam Soil 
0.2-0.4m: Compacted Clay Soil 
0.4-1.2m: Sandstone 
IBC 2015 Table 1806.2 
Based on the above information, the values below were found: 
Allowable Vertical Foundation Pressure = 2,000 psf 
Allowable Lateral Bearing Pressure = 150 psf/ft below natural grade 
Coefficient of Friction = 0.25 
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3.4 Gravity Loads 
The dead loads used were derived from numerous sources including Rwandan steel 
manufacturers, AISC 370-10, ACI 381-14, and VERCO decking catalog.  
The live loads used came from ASCE 7-10 Chapter 4. Because each building has a different 
purpose the live loads used on each building was different. For Building A, a live load of 120 
psf was used and for buildings B&C a live load of 100 was used. Additionally, a roof live 
load of 20 psf was used on all buildings. 
3.5 Seismic Analysis 
The seismic design of the confined masonry walls is based off of the Seismic Design Guide 
for Low-Rise Confined Masonry Buildings which was developed by A Project of the World 
Housing Encyclopedia, EERI, & IAEE. Per the definitions of this guide, our site was 
considered to be in a moderate seismic zone and required certain design checks. This guide 
gave requirement for the size of members, amount of reinforcement, wall lengths, and out of 
plane resistance. The only requirement that was difficult to meet was out of plane resistance 
for the confined masonry. However, one bond beam was designed at the top of each wall to 
take the out of plane loads.  
The seismic analysis of each building were based off of ASCE 7-10 section 12 and the 
following values were used:  
Risk Category: II 
Importance Factor: 1.0 
Spectral Response Accelerations   
(see Appendix A.2 for the article we obtained these values from)) 
SS = 0.28  S1 = 0.11 
 SDS = 0.19   SD1 = 0.07 
Site Classification: B 
Seismic Design Category: B 
R= 4 
Cs= 0.0475 
Max Base Shear, V= 8.1 kips 
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3.6 Wind Analysis 
The wind analysis was based off of ASCE 7-10 sections 26-30. Because each building had 
slightly different properties, they each had different parameters for the wind analysis. Below is 
an example of the wind analysis done on building A.  
Although each building had different parameters, because we took the worst case wind load 
on the windward side, each building had a maximum wind pressure was 18.46 psf.  
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4.0 Structural Design 
Throughout the design of this project there were many aspects of design we have never 
been exposed to. First the design of a truss. For all three buildings two different truss designs 
were required. After doing research it was found that double angle steel trusses are available 
in Rwanda. To start the design the truss was modeled in ETABS. Once the demands of the 
truss were found, members were selected that met the demand. At first it was difficult to find 
a top chord because the unbraced length was too long for the desired member. In order to 
solve this issue, a steel beam was added at the mid-span of the top chord. An example of the 
ETABS output and truss design is below. 
Axial: 
Shear: 
Moment: 
Design: 
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Once the trusses were designed, the square HSS columns were designed and the 
compressive strength of the concrete tie columns and masonry were checked in order to 
take the load from the columns (Load Path 1). Along with the HSS columns, wide flange 
columns were designed to extend from the foundation up to the truss where the truss was 
not over the confined masonry walls (Load Path 2).  
Load Path A Load Path B 
For the lateral design of the building the lateral demand on each building varied between 
wind and seismic depending on the overall weight, wall length, and direction of loading. Once 
it was determined what load governed in each direction, the chords and collectors were 
designed. For each building the beams between each of the trusses and the trusses 
themselves act as the chords and collectors. 
The next step in the design was to design the braces. After doing research on available 
materials in Rwanda we decided to use small round HSS sections.  Our design transferred 
the lateral load to the ground in two different paths. Load Path 1 transferred the load from 
diaphragm to the trusses and then directly to the braces. Load Path 2 transferred the load in 
from the collectors to the braces and then to the confined masonry walls.   
 Load Path 1  Load Path 2 
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For the design of the confined masonry walls, little knowledge was known on how the 
design worked. After researching the Seismic Design Guide for Low-Rise Confined 
Masonry Buildings heavily, we felt comfortable with the design of the walls. However, 
because the design includes a flexible diaphragm, out of plane effects had to be taken 
into account. 
Due to the seismic zone our site is located in, the design guide required the walls to be 
braced or to make the walls shorter, which became an issue. In order to address this issue, 
a concrete bond beam was designed at the top of each masonry wall as well as lintel and sill 
bands around all of the openings to resist out of plane bending. 
After both the lateral and gravity designs, the foundation was designed. A continuous footing 
with a plinth band was used to support the confined masonry walls for both gravity and lateral 
loading. Additionally, pad footings were designed to support the wide flange steel columns.  
13
Karambo Micro-Industrial Complex  Page:_____ 
Journeyman International  Abshire/Bates 
Senior Project Report     June 2018
5.0 Conclusion 
Overall, this project was a great learning experience. Throughout our classes at Cal Poly we 
have learned to design masonry, steel, timber, and concrete buildings. However, we have 
never had to design buildings with a wide variety of materials. The Karambo Micro-Industrial 
Complex is a project that included masonry, concrete, and steel. Additionally, confined 
masonry is not something that is taught at Cal Poly because it is not built in the US so we had 
to research and teach ourselves how to design confined masonry. In our classes at Cal Poly 
we have analyzed trusses but we have never had to design one and after this project we feel 
confident in our ability to do so. 
Though we learned a lot though the design aspect of this project we also had to put more 
effort into the analysis. Due to the location of this project, we were required to work with our 
team to do research on available materials and their properties since it is so different from the 
US where just about anything is available. Additionally, we were required to research the 
seismic, wind, and soil properties of this site because there is no equivalent of ASCE 7-10 or 
USGS type sources for Rwanda.  
Not only did we benefit from this project because of how much we learned but we are also 
extremely excited about our contribution to this community. We are so grateful that we have 
had the opportunity to work with Journeyman International and provide a safe and usable 
building for the Rubavu District of Rwanda. 
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Article: Comparative Analysis of Seismic Loading on High-Rise Steel Building 
Structures in Bujumbura and Kigali Cities 
COMPARATIVE ANALYSIS OF SEISMIC LOADING ON 
HIGH-RISE STEEL BUILDING STRUCTURES 
IN BUJUMBURA AND KIGALI CITIES 
NDIHOKUBWAYO Athanase  1 , JIANG Cangru 2 and CHEN Zhihua 3
1 Doctorate Student, 2 Professor, 3 Asso.Professor, 
Department of Civil Engineering and Architecture, 
Wuhan University of Technology, Wuhan .China 
E-Mail : athanand@yahoo.com
  ABSTRACT:  
The seismic loading analysis is very important for designing high-rise buildings in the most 
seismic ground motions zone. The objective of this study was to compare some seismic loading 
forces on two similar high-rise building structures located in Bujumbura city (Capital of 
Burundi) and Kigali city (Capital of Rwanda); using ETABS software .These two cities are 
located in the Western side of the East African rift system; known as the African most seismic 
ground motions zone. In the present study, all the seismic design data were the same for the 
two buildings except their seismic site spectral response acceleration Ss and S1.The result of 
the study showed that the average of the seismic base shear forces and the seismic stories 
lateral forces on the building located in Bujumbura city is ranged between 2.3 and 2.4 times 
greater than the average of these seismic loading forces on the building located in Kigali city. 
KEYWORDS: East African rift system, Ss and S1, high-rise steel building, seismic base          
    shear forces, seismic stories lateral forces. 
1. INTRODUCTION
The East African region is often shaken by the earthquake principally because of the presence 
of the rift valley. The earthquake in that region which covers about 5.5 million km2 and holds 
more than 120 million people has been identified as the major threat.[1] .Thus, with major 
population growth and urbanization increasing , the vulnerability to the earthquake hazards has 
greatly increased. [2] .For facing simultaneously to the urbanization target and the earthquake 
threat, it is very important to construct the high-rise buildings with high seismic design 
consideration. The vulnerability of the East African populations to seismic events has been 
underscored by a study which advised that the region’s capacity in earthquake preparedness 
and hazards mitigation need to be improved significantly.[3] In the present study the seismic 
base shear forces and the seismic stories lateral forces acting on each building structures (20 
stories) were calculated and a comparison analysis of these forces was done for the two 
buildings.  
As the seismic spectral response acceleration (Ss and S1) are known for the two building 
construction sites, the International Building Code [4] and other design references was helpful to 
determine the input data for the seismic loading design. 
The Extended Three Dimensional Analysis of Building Systems (ETABS) software [5] was used 
to perform automatically the seismic loading design process. Bujumbura city which has high 
values of seismic spectral response acceleration than Kigali city is the sixth African city with 
high seismic spectral response acceleration Ss and S1after Alger (Algeria), Tunis (Tunisia), 
Djibouti (Djibouti), Bukavu (Congo Democratic) and Cairo (Egypt)[6].These factors are very 
decisive for seismic building design process on any given construction site. The result of the 
seismic loading comparison showed that the average of the seismic loading base shear forces 
and seismic stories lateral forces on building located in Bujumbura city is ranged between 2.3 
and 2.4 times greater than the average of the seismic loading base shear forces  and seismic 
stories lateral forces on building located in Kigali city . 
Table 1   Seismic loading design data
      Seismic design values Seismic  design  characteristics  
Bujumbura  Building Kigali  Building 
  Occupancy Category and Seismic Use Group , SUG [ 7 ] I I
Seismic Importance Factor ,  I [ 8 ] 1 1
Seismic Site Class [ 9 ] B B
Mapped 0.2 sec. Period Spectral Acceleration , Ss [10 ] 0. 66 0. 28
Mapped 1.0 sec. Period Spectral  Acceleration , S1 [ 11 ] 0. 26 0. 11
Acceleration-based Site Coefficient , Fa [ 12 ] 1 1
Velocity-based Site Coefficient ,  F1 [ 13 ] 1 1
Maximum Spectral Response Acceleration , SMS [ 14] SMS =Fa x Ss = 0.66 SMS =Fa x Ss = 0. 28 
Maximum Spectral Response Acceleration , SM1[ 15 ] SM1=F1x S1= 0. 26 SM1=F1x S1=0.11 
Design Spectral Response Acceleration , SDS [ 16 ] SDS=2/3 SMS=0.44 SDS=2/3 SMS = 0.19 
Design Spectral Response Acceleration , SD1[ 17 ] SD1=2/3=SM1=0.17 SD1=2/3 SMS= 0. 07 
Seismic Design Category , SDC [ 18 ] SDC=C ( SUG)= I SDC = B (SUG= I ) 
Seismic Response Modifier , R [ 19 ] R = 8 R = 8 
2. DESIGN SPECTRAL RESPONSE ACCELERATION FOR THE TWO CITIES
On the Fig.1 below, the response times To and Ts needed for constructing response spectra 
curves for the two cities are calculated as follows: 
To= 0.2 SD1; Ts = SD1  [ 20]          (2.1) 
   SDS             SDS  
where To is the short period ground motion range and Ts is the characteristic period of ground 
motion.  
  
For the building located in Bujumbura city: To = 0.08 ; Ts-B = 0.39 ; SD-B = 0.17; SDS-B = 0.44  
For building located in Kigali city: To = 0.08 ; Ts-K = 0.37 ; SD1-K = 0.07 ;  SDS-K = 0.19 
 
 
 
Fig.1 Response spectrum curves 
 
3. SEISMIC BASE SHEAR FORCES (V) 
The seismic base shear forces is given by the following equation: 
                                                       V = Cs x W  [ 21]                                                               (3.1)                           
where Cs is the seismic design coefficient and W is the building reactive weight including 
cladding.   
                                     Cs =SDS  ≤  SD1    ≥ 0. 044 SDS x I  [ 22 ]                                                             (3.2)                     
                                            (R/ I)    (TR/I) 
 
The fundamental period T and the Seismic Response Modifier R values are respectively equal 
to 2 and   8.
For building located in Bujumbura city, Cs = 0.044 x 0.44 x 1 = 0.01936.  
For building located in Kigali city, Cs = 0.044 x 0.1 9 x 1 = 0.00836. 
       
 
 
Fig. 2 Seismic Base Shear Forces Result 
4. SEISMIC STORIES LATERAL FORCES (Fx)
The equation for the seismic stories lateral forces calculation is:
       Fx = Cvx   x   V  [ 23 ]          (4.1) 
where: Cvx   is the vertical distribution factor and V is the shear forces     
  n 
  Cvx = [Wx (h x  k )] /{Σ Wi (hi ) k} [ 24 ]                                            (4.2) 
  i =1 
where :  Wi  and  Wx are respectively portion of the total gravity load W assigned to the level i 
and x  ; hi  and  h x are respectively the height from the base to level i and x ; k is the exponent 
related to the building period T and takes into account the whiplash effects in tall slender 
buildings.  
           T= C t (h x )3 / 4   [ 25 ]              (4.3) 
 where:  h x is the total height (in feet) of the building and C t is a period coefficient.  
       k= (2-1) x (T- 0.5) +1 (for 0.5 sec < k < 2.5 sec)       (4.4) 
     (2.5 – 0.5 ) 
  The value of k is equal to 1.75 for the two buildings. 
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Fig. 3 Seismic Stories Lateral Forces Result 
5. CONCLUSION
After analysis and calculation of the seismic base shear and the seismic stories lateral forces 
acting on the two buildings as illustrated on the figures 2 and 3, we realized that the average of 
these loading forces  on building located in Bujumbura city is ranged between 2.3 and 2.4 times 
greater than the average of the same loading forces acting on the building located   in Kigali 
city. The highest seismic loading forces for building located in Bujumbura city is given 
especially by the highest values of  its site seismic spectral response acceleration Ss and S1 
comparatively to Ss and S1 for building site located in Kigali city.  
  
The earthquake shakes in the region had already caused humans and animals life losses 
and a lot of infrastructure injuries. Thus, the decision makers in matters of political 
policies, engineering and planning professionals need to understand the nature of the 
hazardous phenomena and take all preventive measures against the earthquake threat. 
The decision can be taken at three levels of commitment to implement mitigation and 
preparedness .These three levels of commitment are the development knowledge, 
public awareness raising and education, preparedness investments. 
High-rise building construction can be a sustainable solution for development in the countries 
that are over-populated and the system can also create sufficient space in urban area for other 
development infrastructures.  More researches are needed to enrich this study in order to 
contribute to the urban development without earthquake threat in East African rift system.  
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A.4 Appendix 4 
Structural Calculation Package – Journeyman International Deliverable 
  
 STRUCTURAL CALCULATIONS 
 
FOR 
Karambo Micro-Indsutrial Complex 
Rubavu Distrcit, Rwanda - Karambo River Masterplan 
 
 
 
CLIENT: Empowering Villages 
 
Prepared by:  
Sophia Abshire & Stella Bates 
June 2018 
 
 
 
NOTE: THESE CALCULATIONS ARE NOT FOR CONSTRUCTION AND MUST BE    
REVEIWED BY AN IN COUNTRY ENGINEER 
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Project Description/Data 
Project: Karambo Micro-Industrial Complex 
Location: Karambo River – Rubavu Districti, Rwanda 
Architect: Shae Menzel 
Owner:  Dan Klinck – Empowering Villages 
Building Codes:     2015 International Building Code (IBC) 
   Selected IBC References: 
    Loads: ASCE 7-10      
Concrete: ACI 381-14 
Masonry: TMS 402-13 & TMS 602-13 
Steel:  AISC 370-10 
Timber: NDS 2015 
Project Description: 
The Karambo Micro-Industrial Complex consists of 3 buildings located approximately 3.5 m 
above and 50 m away from the Karambo River in the Rubavu District of Western Rwanda. 
Each building will be constructed of confined masonry. Each building will have a steel truss 
canopy roof system that will frame into or around the building. One building will consist of a 
classroom, one of a library, and another building will have both an indoor and outdoor work 
area.   
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Structural Systems: 
Gravity:  
Building A – Steel decking acts as the roof that connects a system of steel trusses 
together. For the steel trusses that frame the outdoor space, the back of the truss 
extends down frames into a concrete retaining wall. The front of the truss cantilevers 
over a continuous steel column. The weight of the trusses is then transferred into the 
concrete tie-columns which is then transferred into the load-bearing masonry wall 
through a “toothing” connection. The weight of the walls, tie-columns and tie-beams 
are transferred down into the slab and into the reinforced concrete foundations.  
Building B & C – Steel decking acts as the roof that connects a system of steel trusses 
together. Both the back and front sides of the steel trusses frame into the concrete tie-
columns. The weight of the trusses and deck is then transferred into the concrete tie-
columns which is then transferred into the load-bearing masonry wall through a 
“toothing” connection. The weight of the walls, tie-columns, and tie-beams are 
transferred down into the slab and into the reinforced concrete foundations.  
 Lateral:  
Building A – The steel decking acts as the diaphragm. The loads from the diaphragm 
are transferred down into the confined masonry shear walls through bracing. Which is 
then transferred down into the foundation. For the outdoor areas we will need to add 
bracing between the retaining wall and steel trusses as well as in the openings with 
the steel columns.  
Building B & C- The steel decking acts as the diaphragm. The loads from the 
diaphragm are transferred down into the confined masonry shear walls through 
bracing. The loads are then transferred down into the foundation.  
Foundation: Continuous footing for all walls, Spread footing for columns 
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Design Criteria 
Classification of Building: Category II 
Soils Information: 
0.0-0.2m : Loam Soil 
0.2-0.4m: Compacted Clay Soil 
0.4-1.2m: Sandstone 
Per IBC 2015 Table 1806.2:  
Allowable Vertical Foundation Pressure = 2,000 psf 
Allowable Lateral Bearing Pressure = 150 psf/ft below natural grade 
Coefficient of Friction = 0.25 
Seismic Information: 
Seismic Design Category: B 
Importance Factor: 1.0 
Spectral Response Accelerations: 
             SS = 0.28   S1 = 0.11 
             SDS = 0.19   SD1 = 0.07 
Site Classification: B 
Response Modification Coefficient (R): 
Seismic Response Coefficient (Cs): 
Seismic Base Shear: 
Material Specifications: (Typical unless noted otherwise in calculations) 
Concrete:  f’c = 3 ksi  
 Masonry:  f’c = 0.58 ksi  
 Reinforcement: fy = 60 ksi  
 Steel:   fy= 50 ksi (Wide Flange Sections) 
    fy= 46 ksi (Square HSS Sections)  
fy= 42 ksi (Round HSS Sections)  
fy= 36 ksi (Angle and Double Angle Sections)  
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A.2 Appendix 2 
Article: Comparative Analysis of Seismic Loading on High-Rise Steel Building 
Structures in Bujumbura and Kigali Cities 
  
 COMPARATIVE ANALYSIS OF SEISMIC LOADING ON 
HIGH-RISE STEEL BUILDING STRUCTURES 
IN BUJUMBURA AND KIGALI CITIES 
 
 
 
NDIHOKUBWAYO Athanase  1 , JIANG Cangru 2 and CHEN Zhihua 3
 
 
1 Doctorate Student, 2 Professor, 3 Asso.Professor, 
Department of Civil Engineering and Architecture, 
Wuhan University of Technology, Wuhan .China 
E-Mail : athanand@yahoo.com 
  ABSTRACT:  
The seismic loading analysis is very important for designing high-rise buildings in the most 
seismic ground motions zone. The objective of this study was to compare some seismic loading 
forces on two similar high-rise building structures located in Bujumbura city (Capital of 
Burundi) and Kigali city (Capital of Rwanda); using ETABS software .These two cities are 
located in the Western side of the East African rift system; known as the African most seismic 
ground motions zone. In the present study, all the seismic design data were the same for the 
two buildings except their seismic site spectral response acceleration Ss and S1.The result of 
the study showed that the average of the seismic base shear forces and the seismic stories 
lateral forces on the building located in Bujumbura city is ranged between 2.3 and 2.4 times 
greater than the average of these seismic loading forces on the building located in Kigali city. 
 
KEYWORDS: East African rift system, Ss and S1, high-rise steel building, seismic base          
                          shear forces, seismic stories lateral forces. 
 
1. INTRODUCTION 
The East African region is often shaken by the earthquake principally because of the presence 
of the rift valley. The earthquake in that region which covers about 5.5 million km2 and holds 
more than 120 million people has been identified as the major threat.[1] .Thus, with major 
population growth and urbanization increasing , the vulnerability to the earthquake hazards has 
greatly increased. [2] .For facing simultaneously to the urbanization target and the earthquake 
threat, it is very important to construct the high-rise buildings with high seismic design 
consideration. The vulnerability of the East African populations to seismic events has been 
underscored by a study which advised that the region’s capacity in earthquake preparedness 
and hazards mitigation need to be improved significantly.[3] In the present study the seismic 
base shear forces and the seismic stories lateral forces acting on each building structures (20 
stories) were calculated and a comparison analysis of these forces was done for the two 
buildings.  
  
As the seismic spectral response acceleration (Ss and S1) are known for the two building 
construction sites, the International Building Code [4] and other design references was helpful to 
determine the input data for the seismic loading design. 
The Extended Three Dimensional Analysis of Building Systems (ETABS) software [5] was used 
to perform automatically the seismic loading design process. Bujumbura city which has high 
values of seismic spectral response acceleration than Kigali city is the sixth African city with 
high seismic spectral response acceleration Ss and S1after Alger (Algeria), Tunis (Tunisia), 
Djibouti (Djibouti), Bukavu (Congo Democratic) and Cairo (Egypt)[6].These factors are very 
decisive for seismic building design process on any given construction site. The result of the 
seismic loading comparison showed that the average of the seismic loading base shear forces  
and seismic stories lateral forces on building located in Bujumbura city is ranged between 2.3 
and 2.4 times greater than the average of the seismic loading base shear forces  and seismic 
stories lateral forces on building located in Kigali city . 
Table 1   Seismic loading design data
 
                            Seismic design values Seismic  design  characteristics  
Bujumbura  Building Kigali  Building 
  Occupancy Category and Seismic Use Group , SUG [ 7 ] I I 
Seismic Importance Factor ,  I [ 8 ] 1 1 
Seismic Site Class [ 9 ] B B 
Mapped 0.2 sec. Period Spectral Acceleration , Ss [10 ] 0. 66 0. 28 
Mapped 1.0 sec. Period Spectral  Acceleration , S1 [ 11 ] 0. 26 0. 11 
Acceleration-based Site Coefficient , Fa [ 12 ] 1 1 
Velocity-based Site Coefficient ,  F1 [ 13 ] 1 1 
Maximum Spectral Response Acceleration , SMS [ 14]   SMS =Fa x Ss = 0.66 SMS =Fa x Ss = 0. 28 
Maximum Spectral Response Acceleration , SM1[ 15 ] SM1=F1x S1= 0. 26 SM1=F1x S1=0.11 
Design Spectral Response Acceleration , SDS [ 16 ] SDS=2/3 SMS=0.44 SDS=2/3 SMS = 0.19 
Design Spectral Response Acceleration , SD1[ 17 ] SD1=2/3=SM1=0.17 SD1=2/3 SMS= 0. 07 
Seismic Design Category , SDC [ 18 ] SDC=C ( SUG)= I SDC = B (SUG= I ) 
Seismic Response Modifier , R [ 19 ] R = 8 R = 8 
 
2. DESIGN SPECTRAL RESPONSE ACCELERATION FOR THE TWO CITIES 
On the Fig.1 below, the response times To and Ts needed for constructing response spectra 
curves for the two cities are calculated as follows: 
 
 To= 0.2 SD1; Ts = SD1  [ 20]                                        (2.1) 
   SDS             SDS  
 
where To is the short period ground motion range and Ts is the characteristic period of ground 
motion.  
 
  
For the building located in Bujumbura city: To = 0.08 ; Ts-B = 0.39 ; SD-B = 0.17; SDS-B = 0.44  
For building located in Kigali city: To = 0.08 ; Ts-K = 0.37 ; SD1-K = 0.07 ;  SDS-K = 0.19 
 
 
 
Fig.1 Response spectrum curves 
 
3. SEISMIC BASE SHEAR FORCES (V) 
The seismic base shear forces is given by the following equation: 
                                                       V = Cs x W  [ 21]                                                               (3.1)                           
where Cs is the seismic design coefficient and W is the building reactive weight including 
cladding.   
                                     Cs =SDS  ≤  SD1    ≥ 0. 044 SDS x I  [ 22 ]                                                             (3.2)                     
                                            (R/ I)    (TR/I) 
 
The fundamental period T and the Seismic Response Modifier R values are respectively equal 
to 2 and   8.
For building located in Bujumbura city, Cs = 0.044 x 0.44 x 1 = 0.01936.  
For building located in Kigali city, Cs = 0.044 x 0.1 9 x 1 = 0.00836. 
       
 
 
Fig. 2 Seismic Base Shear Forces Result 
  
4. SEISMIC STORIES LATERAL FORCES (Fx) 
The equation for the seismic stories lateral forces calculation is:   
   
                                                   Fx = Cvx   x   V  [ 23 ]                                                              (4.1) 
 
where: Cvx   is the vertical distribution factor and V is the shear forces     
                                                                            n 
                                            Cvx = [Wx (h x  k )] /{Σ Wi (hi ) k} [ 24 ]                                            (4.2) 
                                                                            i =1 
where :  Wi  and  Wx are respectively portion of the total gravity load W assigned to the level i 
and x  ; hi  and  h x are respectively the height from the base to level i and x ; k is the exponent 
related to the building period T and takes into account the whiplash effects in tall slender 
buildings.  
                                                       T= C t (h x )3 / 4   [ 25 ]                                                          (4.3) 
 
 where:  h x is the total height (in feet) of the building and C t is a period coefficient.   
 
                             k= (2-1) x (T- 0.5) +1 (for 0.5 sec < k < 2.5 sec)                                     (4.4) 
                                         (2.5 – 0.5 ) 
 
  The value of k is equal to 1.75 for the two buildings. 
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Fig. 3 Seismic Stories Lateral Forces Result 
 
5. CONCLUSION 
After analysis and calculation of the seismic base shear and the seismic stories lateral forces 
acting on the two buildings as illustrated on the figures 2 and 3, we realized that the average of 
these loading forces  on building located in Bujumbura city is ranged between 2.3 and 2.4 times 
greater than the average of the same loading forces acting on the building located   in Kigali 
city. The highest seismic loading forces for building located in Bujumbura city is given 
especially by the highest values of  its site seismic spectral response acceleration Ss and S1 
comparatively to Ss and S1 for building site located in Kigali city.  
  
The earthquake shakes in the region had already caused humans and animals life losses 
and a lot of infrastructure injuries. Thus, the decision makers in matters of political 
policies, engineering and planning professionals need to understand the nature of the 
hazardous phenomena and take all preventive measures against the earthquake threat. 
The decision can be taken at three levels of commitment to implement mitigation and 
preparedness .These three levels of commitment are the development knowledge, 
public awareness raising and education, preparedness investments. 
High-rise building construction can be a sustainable solution for development in the countries 
that are over-populated and the system can also create sufficient space in urban area for other 
development infrastructures.  More researches are needed to enrich this study in order to 
contribute to the urban development without earthquake threat in East African rift system.  
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GENERAL NOTES
GENERAL NOTES
GENERAL REQUIREMENTS
1. The following notes, typical details and schedules shall apply to all phases of this project   
unless otherwise shown or noted.
2. Specific notes and details shall take precedence over general notes and typical details.
3. All materials and workmanship shall conform to the minimum standards of the 2016 
edition of the International Building Code (IBC). 
4. The Construction Documents shall consist of these notes, details, schedules, plans, and 
drawings, as well as attached specifications.
5. All specifications, including but not limited to materials and products, shall be those put 
forth in the Construction Documents. 
6. The contractor shall examine the Construction Documents and shall notify the Architect 
or Engineer of Record of any discrepancies he may find before proceeding with the 
work. 
7. All information on existing conditions shown on drawings are based on best present 
knowledge available, but without guarantee of accuracy.  The Contractor shall verify and 
be responsible for all dimensions and conditions at the site and shall notify the Architect 
or Engineer of Record of any discrepancies between actual site conditions and 
information shown on or in the "Contract or Construction Documents" before proceeding 
with work.
8. The Contractor shall immediately notify the Architect or Engineer of Record of any 
condition which in his opinion might endanger the stability of the structure or cause 
distress of the structure.
9. These "Contract or Construction Documents" represent the finished structure, and do 
not indicate the method of construction.  The Contractor shall supervise and direct the 
work and shall be solely responsible for construction means, methods, techniques, 
sequences and procedures.
10. The Contractor shall provide temporary bracing and shoring for all structural members 
as required for structural stability of the structure during all phases of construction.
11. The Contractor shall take all steps necessary to ensure proper alignment of the structure 
after the installation of all structural and finish materials.  This shall include any 
necessary preloading of the structure to determine final position of the completed work.
12. Refer to the Architectural Drawings to coordinate with Structural Drawings. 
13. Written dimensions shall have precedence over scaled dimensions.
14. In the event that certain features of the construction are not fully shown on the drawings 
or called for in the General Notes or Specifications, then their construction shall be of the 
same character as for similar conditions that are shown or called for.
15. The Contractor shall have a copy of the Project Soils Investigation on the job site.
16. These structural "Contract or Construction Documents" shall not be modified without 
prior written approval of the Engineer of Record.
FOUNDATION
1. A soils report was produced from Empowering Villages for a nearby project and it was 
recommended for us to use the same soil samples for design. 
From that report the following information was used:  
0.0-0.2m : Loam Soil
0.2-0.4m: Compacted Clay Soil
0.4-1.2m: Sandstone
Based on the above information and IBC 2015 Table 1806.2, the following values were 
used:
Allowable Vertical Foundation Pressure = 95.76 kN/m^2
Allowable Lateral Bearing Pressure = 7.2 kN/m^2/m below natural grade
Coefficient of Friction = 0.25
2.        Unexpected soil conditions: Allowable values and foundation design are based upon 
soil conditions shown by test borings. Actual soil conditions which deviate appreciably 
from that shown in the test borings shall be reported to the Project Soils Engineer 
immediately.
3.       Excavate to required depths and dimensions (as indicated in drawings and Project Soils 
Investigation), cut square and smooth with firm level bottoms.  Care shall be taken not 
to over-excavate foundation at lower elevation and prevent disturbing of soils around 
higher elevation.
4.       Foundations shall not be poured until all required reinforcing steel, sleeves, inserts, 
conduits, pipes, etc. and formwork is properly placed and inspected by the Authority 
having Jurisdiction.
REINFORCING STEEL
1. All reinforcing steel shall be deformed intermediate grade bars conforming to ASTM 
A615, f/y = 413 MPa unless noted otherwise.
2. Reinforcing steel shall not be welded, unless specifically noted otherwise.
3. To hold reinforcing bars in their true position and prevent displacement, standard tie and 
anchorage devices must be provided. Placing of reinforcement shall conform to ACI 
318-14 Section 26.6.2.
4. Refer to typical details for minimum splice length and minimum radius of bend of 
reinforcing steel.
5. All reinforcing steel splices shall be staggered 61 cm, unless specifically noted or 
detailed otherwise.
6. All reinforcing bar bends shall be made cold.
7. Fabrication, erection and placement of reinforcing steel shall conform to Concrete 
Reinforcing Steel Institute of Standard Practice.
8. Reinforcing steel shall be clean of rust, grease or other material likely to impair bond.
CONCRETE
1. All concrete shall have a minimum ultimate compressive strength (f'/c) as outlined below 
at 28 days.  All concrete shall be regular weight (unless specifically noted otherwise).
A. Concrete for footings and slab on grade:         20.68 MPa   w/c = 0.50 max.
B. Concrete for site retaining walls:   20.68 MPa   w/c = 0.50 max.
C. Concrete for building walls and columns:   20.68 MPa    w/c = 0.45 max.
D. Concrete for elevated slabs and beams:   20.68 MPa    w/c = 0.45 max.
2.       All concrete work shall comply with IBC Chapter 19 and ACI 318-14 and latest edition of 
ACI Manual of Concrete Practice.
3.       Cement shall be Portland Cement Type II/V and shall conform to ASTM C150.
4.       Aggregates shall conform to ASTM C33, provide aggregates from a single source.
5.       Water shall conform to ASTM C94 and be potable.
6.       All splices are to be Class B unless specifically noted otherwise.
7.       Where not specifically detailed, the minimum concrete cover on reinforcing steel shall be:
A.      Concrete cast against and permanently exposed to earth or weather:      7.6 cm
B.      Concrete placed against forms, but exposed to earth or weather:     5.1 cm
C.      Slabs, wall & joists, not exposed to earth or weather:     1.9 cm
D.      Beams, girders & columns, not exposed to earth or weather:               3.8 cm
8.       Reinforcing bars larger than #8 are not permitted unless specifically detailed or noted 
otherwise.
9.       All reinforcing steel, anchor bolts, dowels, inserts and any other hardware to be set in 
concrete shall be well secured in position prior to pouring of concrete.
10.     Vibrate all concrete (including slabs on grade) as it is placed. The vibrator shall be used 
to consolidate the concrete, not transport it. Reinforcing and forms shall not be vibrated.
11.     Formwork design and removal shall conform to ACI 318-14 Section 26.11.  Remove 
forms accordance with the following minimum schedule:
A.      Side forms of footings:   Minimum 48 hours
B.      Edge forms of slab on grade:   Minimum 24 hours
C.      Wall/retaining wall forms:   72 hours & 70% of design strength
D.      Column forms:   72 hours & 70% of design strength
E.      Elevated beams and slabs:   14 days & 80% of design strength
12.     The Contractor may use concrete admixtures as a construction means and methods to 
execute "Contract or Construction Documents". Use of admixture is solely the 
responsibility of the Contractor.
13.     25.4mm concrete cover shall be maintained around all reinforcement.
MASONRY
1.       Masonry units shall have a minimum compressive strength (f'/m) of 4 MPa. 
STRUCTURAL STEEL AND WELDING
1. All structural steel construction shall conform to AISC 360-10 and AISC 341-10.
A.       Fabrication of all structural steel shall be done in the shop of an approved fabricator. 
2.       All structural steel shall conform to the following specifications:
A.      Angles, channels, plates, bars, rounds, and other miscellaneous shapes:
    Shall conform to ASTM A36 and shall have a minimum yield stress (F/y) of 248 MPa.
B.    Wide-flange shapes:
    Shall conform to ASTM A992 and shall have a minimum yield stress (F/y) of 344 MPa.
C.    HSS Structural tubes:
   Shall be ASTM A500, Grade B, and shall have a min. yield stress (F/y) of 317 MPa.
D.   Round structural tubes:
   Shall be ASTM A500, Grade B, and shall have a min. yield stress (F/y) of 289 MPa.
3.       All structural steel shall be fabricated, erected and welded in accordance with AISC 
Specifications for Structural Steel Buildings (AISC 360-10) and Code of Standard Practice 
for Steel Buildings and Bridges (AISC 303-10).
4.       Shop drawings for the fabrication of any structural steel shall be approved by the 
Contractor and submitted to Architect or Engineer of Record for their review, prior to 
fabrication.
5.    No holes other than those specifically detailed shall be allowed through structural steel 
members.  Burning of holes is not permitted.
6.    All structural steel shall be painted one shop coat and field touched-up, as necessary, 
with approved "Zinc Rich" or other high quality exterior primer.
7.    All bolts shall conform to ASTM, A307 (U.N.O.)
8.   All welding shall conform to 'AWS D1.1 and D1.8' specifications for welding.  (E-70XX 
Electrodes).
9.    Provide hot dip galvanizing or 7.6 cm minimum concrete cover around all structural steel 
below grade.
10.    Structural steel embedded into concrete or masonry shall be unpainted.
11.    ASTM A1852 bolts are an acceptable substitution for A325 bolts.
STEEL DECKING
1.    Steel decking shall be cold rolled steel conforming to ASTM A611, Grade C structural 
quality steel sheet, and have a minimum yield strength (f/y) of 413 MPa (U.N.O.)
A.    All steel decking shall conform to CBC Section 2210.
B.    All galvanized steel decking shall conform to ASTM A653, SS Grade 33.
2.    All decking side locks shall be compatible.
3.    Steel decking shall have a prime painted finish.
4.    Steel decking sheets shall be continuous over a minimum of 3 supports (2 spans).
5.    Steel deck shall be placed on the supporting framework with a minimum end lap of 5 
cm, centered over the supports.
6.    The deck shall be welded to the supports and side lap of adjacent units welded. Steel 
roof deck shall be welded as follows (size & type as Manufacturers requirements):
A.    3 welds per sheet at all supports
B.    3.8 cm side lap welds at mid-spans
7.    Steel deck shall be erected and fastened in accordance with the Manufacturer's 
Specifications and erection layout.
8.    Weld metal shall penetrate all layers of deck material at each end and side joints and 
have good fusion to the supporting members.
STEEL TRUSS
1.    Trusses shall be installed with all bearing hardware, bridging, blocking, bracing, pre-
notched bearing plates or beveled bearing plates as per manufacturer's 
recommendations and these drawings. The preceding items shall be installed prior to 
any truss loading.
2.    See truss profiles (as provided).
3.    If trusses are to be stored prior to erection, they shall be stored in a vertical position and 
protected from the weather.
4.    Temporary construction loads shall not be placed on trusses until trusses are secured 
and all erection hardware (blocking, bridging, bracing, bearing hardware, etc.) has been 
placed. Temporary construction loads shall not exceed roof live load.
5.    Truss design criteria: See structural design values
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